



















During	daily	encounters,	 it	 is	 inevitable	that	people	take	risks.	Investigating	the	sequential	processing	of	risk	hazards	involve	expectation	formation	about	outcome	contingencies.	The	present	study
aimed	to	explore	risk	behavior	and	its	neural	correlates	in	sequences	of	decision	making,	particularly	in	old	age,	which	represents	a	critical	period	regarding	risk-taking	propensity.	The	Balloon	Analogue	Risk
Task	was	used	in	an	electrophysiological	setting	with	young	and	elderly	age	groups.	During	the	task	each	additional	pump	on	a	virtual	balloon	increased	the	likelihood	of	a	balloon	burst	but	also	increased	the






































decisive	 index	of	outcome	evaluation	which	 reliably	 reflects	 the	predictive	processing.	 In	addition,	both	 the	FRN	and	 the	 reward	positivity	ERP	components	 typically	constitute	a	 ‘complex’	with	 the	 following	P3
component	peaking	at	approximately	between	300	and	500	ms	[27–29].	The	P3	is	thought	to	reflect	a	more	thorough	evaluative	process	of	the	outcome	events	[30–32],	 including	the	 local	and	global	probabilistic
properties,	motivational	significance	of	the	stimuli,	and	also	the	amount	of	expended/invested	attention	[33].
Data	collected	 in	various	experimental	 conditions	 in	which	 inferences	of	 reinforcement	 learning	were	addressed	via	 feedback-related	evaluation	processes	 show	an	age-dependent	decrease	 regarding	 the











It	was	hypothesized	 that	 larger	 reward	positivity	would	be	obtained	 in	 those	cases	when	a	 rewarding	event	was	better	 than	expected	 (i.e.,	before	cash-out),	 suggesting	active	predictive	processes	 regarding	 the












Mean SD Mean SD t/χ2
Age 22.69 ±	1.9965.78±	1.99 65.78 ±3.64 −42.06**
Male/Female 10/7 6/12 1.8
Years	of	education 12.75 ±	1.34 13.5 ±3.97 −0.72
IQ 118.25 ±	8.76 120.61 ±8.47 −0.8
Verbal	IQ 112 ±	10 118.94 ±7.57 −2.3*
Performance	IQ 122.75 ±	13.09 121.44 ±9.57 0.33
Note.:	*p	<	0.05;	**p	<	0.01.
2.2	Stimuli,	Task,	and	Ptask,	and	procedure












































































F p F p F p F p F p F p F p
Mean	adjusted	No.	of
pumps 0.14 0.7 10.72 <0.001 – – 2.34 0.104 – – – – – –
No.	of	balloon	bursts 0.01 .9124.520.912 4.52 0.017 – – 3.24 .049 – – – – – –
Exploration	rate 9.53 0.004 14.13 <0.001 – – 1.65 0.199 – – – – – –
Response	time 4.23 0.048 15.97 <0.001 31.42 <0.001 0.97 .3831.07.3092.69.0750.62.540.383 1.07 0.309 2.69 0.075 0.62 0.54
Sequential	position rp 3.17 0.084 – – 50.5 <0.001 – – 2.77 0.105 – – – –
P3 2.72 0.108 – – 45.98 <0.001 – – 3.34 0.076 – – – –
Reward	contingencies rp 18.52 <0.001 – – 53.25 <0.001 – – 35.22 <0.001 – – – –
P3 17.40 <0.001 – – 61.40 <0.001 – – 24.99 <0.001 – – – –
Negative	feedback FRN 0.79 0.380 – – – – – – – – – – – –















The	analysis	 regarding	 the	RTs	of	pumps	resulting	 in	 ‘gain	before	burst’	and	 ‘gain	before	cash-out’	 conditions	showed	significant	main	effect	of	group	 (F(1,	33)	=	4.23,	 p	=	 0.48,	 ηp2	=	 0.11),	 suggesting	 the	 elderly	were
generally	slower	than	the	young	(young	M	=	574	ms,	SE	=	70.22;	elderly	M	=	776	ms,	SE	=	68.24),	irrespective	of	other	experimental	effects.	The	significant	main	effect	of	condition	(F(1,	33)	=	31.42,	p	<	0.01,	ηp2	=	0.49)	indicated





































In	 the	present	study,	a	probabilistic	BART	paradigm	was	used	 to	 investigate	age-related	characteristics	of	 risky	decision	making	and	progressive	expectation	 formation.	Behavioral	 results	suggest	optimal
adaptation	 to	 task	 requirements	 since	 increased	 risk-taking	was	 found	 in	 both	 groups	 as	 the	 task	 progressed.	 Patterns	 of	 strategic	 task-solving	 indicated,	 however,	 that	 the	 elderly	were	 characterized	 by	 fewer
automatic	 responses	 (increased	exploration	 rate)	 suggesting	 signs	of	 hesitation	and	more	deliberate	decision	making.	ERP	 results	 of	 feedback	processing	 support	distinctive	 evaluation	of	 rewarding	events	with








































dopaminergic	 system	 is	 a	 generally	 accepted	mechanism	 of	 aging	 [6,55],	 and	 as	 proposed	 by	Nieuwenhuis	 et	 al.	 [39],	 the	 reduced	 phasic	 dopamine	 signaling	 could	 be	 behind	 the	 altered	 ERP	 correlates	 of	 evaluative	 feedback
processing	in	the	elderly.	Thus,	one	possible	interpretation	of	the	group	difference	related	to	the	‘gain	before	cash-out’	condition	could	be	that,	as	a	result	of	inefficient	dopamine	signaling,	these	events	are	underrated	in	the	neural
system	of	the	elderly	compared	to	that	seen	in	the	young	group.
On	 the	 other	 hand,	 it	 could	 be	 also	 possible	 that	 executive	 control	 processes	 rather	 than	 prediction-error	 based	 feedback-evaluation	 mechanisms	 had	 the	 dominant	 effect	 on	 risk-taking	 behavior	 and	 decision	 making














In	 sum,	 the	present	 results	 suggest	 that	probabilistic	 circumstances	provoke	 similar	 risk-taking	behavior	 in	both	 the	 young	and	 the	elderly;	however,	 the	ERP	 results	 confirm	 that	 the	predictive	processing	of	 the	 system
underlying	feedback	evaluation	during	sequential	decision	making	appears	to	be	altered	with	age.	It	was	found	that	a	specific	reward-related	component	in	the	ERP	reliably	reflected	expectations	about	outcome	probabilities	only	in	the
young	group.	The	decreased	magnitude	of	this	reward-related	ERP	component	in	the	elderly	implies	a	probable	decline	in	the	processing	of	probabilistic	outcome	contingencies,	even	if	experience	with	the	task	have	boosted	risk-taking
in	 the	 long	 run.	This	 inefficient	predictive	processing	 sets	back	 the	organization	of	automatized	 routines	 resulting	 in	a	more	deliberative	 task	 solving	 strategy.	Altogether	 the	 findings	of	 the	present	 study	may	help	 to	clarify	 the
mechanisms	contributing	to	the	observed	inflexibility	of	elderly	not	just	in	decision	making	but	also	in	other	day-to-day	routines.
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Highlights
• 	aAge-dependent	risk-taking	behavior	in	sequential	decision	making	was	investigated.
• ERPs	for	the	rewarding	feedback	were	analyzed	based	on	the	forthcoming	decisions.
• 	rReward	positivity	increased	as	a	function	of	reward	contingencies	only	in	the	young.
• 	iIncreased	hesitation	and	deliberate	decisions	characterized	the	elderly.
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